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Available online 25 June 2015AbstractAluminium alloy AA2219 is a high strength alloy belonging to 2000 series. It has been widely used for aerospace applications, especially for
construction of cryogenic fuel tank. However, arc welding of AA2219 material is very critical. The major problems that arise in arc welding of
AA2219 are the adverse development of residual stresses and the re-distribution as well as dissolution of copper rich phase in the weld joint.
These effects increase with increase in heat input. Thus, special attention was taken to especially thick section welding of AA2219-T87
aluminium alloy. Hence, the present work describes the 25 mm-thick AA2219-T87 aluminium alloy plate butt welded by GTAW and GMAW
processes using multi-pass welding procedure in double V groove design. The transverse shrinkage, conventional mechanical and metallurgical
properties of both the locations on weld joints were studied. It is observed that the fair copper rich cellular (CRC) network is on Side-A of both
the weldments. Further, it is noticed that, the severity of weld thermal cycle near to the fusion line of HAZ is reduced due to low heat input in
GTAW process which results in non dissolution of copper rich phase. Based on the mechanical and metallurgical properties it is inferred that
GTAW process is used to improve the aforementioned characteristics of weld joints in comparison to GMAW process.
Copyright © 2015, China Ordnance Society. Production and hosting by Elsevier B.V. All rights reserved.
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AA2219 is basically AleCueMn ternary alloy and has a
unique combination of properties such as good weldability and
high strength to weight ratio [1]. The alloy is extensively used
for fabrication of cryogenic tanks and pressure vessels due to
high strength, superior resistance to cracking and corrosion
resistance [1]. The AA2219 aluminium alloy contains a major
alloying addition of copper and minor additions of manganese,
titanium, vanadium and zirconium. Generally, the alloy is* Corresponding author. Tel.: þ91 431 2503510; fax: þ91 431 2500133.
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2214-9147/Copyright © 2015, China Ordnance Society. Production and hosting byproduced in the T87 temper condition (solution
treatment þ 7% cold working þ aging) [2]. One of the
drawbacks of most of the high strength Al alloys is that they
suffer from poor weldability. However, AA2219 is an excep-
tion due to the presence of more Cu that helps in healing the
cracks by providing extra eutectics. Lots of studies have been
carried out in order to assess the effect of copper content and
the distribution of second phase intermetallic particles on the
properties of AA 2219 alloy [3].
The preferred welding processes for AA 2219 aluminum
alloy are frequently gas metal arc welding (GMAW) and gas
tungsten arc welding (GTAW) due to their comparatively
easier applicability and better economy. The gas tungsten arc
welding (GTAW) process for aluminium alloy AA2319 asElsevier B.V. All rights reserved.
Table 1
Welding parameters used for preparation of weld joints.
Welding position 1G
Groove design Double V groove conforming
the standard AWS D1.2
Welding current/A GMAW-185e195
GTAW-125e138
Arc voltage/V GMAW-28e30
GTAW-10.5e11.8
Welding speed/(cm$min1) GMAW-25e28
GTAW-10e11
Heat input/(kJ$cm1) GMAW-11.1e14.04
GTAW-7.16e9.77
Number of weld layers GMAW-8
GTAW-12
Standoff distance/mm GMAW-15-17
Filler wire diameter and
specifications
GMAW-1.2 mm & E2319
GTAW-2-2.5 mm & ER 2319
Shielding gas Commercially pure argon at
gas flow rate of 15 lpm
Polarity GMAW-DCEP
GTAW-AC
Tungsten electrode size and
specifications
GTAW-2% Zirconated
Inter pass temperature Less than 100 C
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alloy has better weldability compared to other grades of pre-
cipitation hardenable aluminium alloy, it has inferior weld
joint strength than base material [5]. It is well known that the
weld strength of the alloy is characterized by the weldment
microstructure, which largely depends on the welding pro-
cesses. Several researchers have investigated the weld strength
of the alloy and have confirmed that it has low weld strength
after welding [6e8].
However, it is reported that the electron beam welding
(EBW) provides strong and sound welds for AA2219 with
high weld efficiency [1,9]. But, the application of EBW is
practically difficult for certain weld joints. The observation of
the high weld efficiency of the EBW process indicates the
possibility of improving weld property through an appropriate
process design using gas tungsten arc welding (GTAW) and
gas metal arc welding (GMAW) processes and their compar-
isons have not been studied in detail. In addition, thick section
by multi-pass arc welding procedure may generate high
shrinkage stresses due to differential contraction under cooling
thermal cycle of the welding process. Thus, it needs to study
the various properties of the AA2219 weld joints under
different welding processes. Hence, the present work describes
the comparative studies on transverse shrinkage, mechanical
and metallurgical properties of 25 mm-thick AA2219-T87
aluminium alloy weld joints prepared by GTAW and GMAW
processes.
2. Experimental2.1. WeldingFig. 1. Schematic diagram of Side-A and Side-B of double V groove.
25 mm-thick AA2219 plates were butt-welded by GTAW
and GMAW processes. The plates were rigidly fixed to avoid
distortion during welding. The welding parameters used for
the present investigation are given in Table 1. Double V
groove design was used, as shown in Fig. 1. The welding was
carried out in automatic mode. The photographic view of the
experimental setup is shown in Fig. 2. During welding the
welding parameters, such as arc voltage and welding current,
were measured using a digital meter fitted in the welding
power source. Prior to the welding the plates were cleaned
with brush followed by acetone to remove oxide layers and
any faying surfaces. In the double V-groove, initially, welding
was carried out on Side-B followed by Side-A (Fig. 1).2.2. Measurement of transverse shrinkageFig. 2. Photographic view of experimental setup.During welding the transverse shrinkage (Dtr) was
measured with a given straining length (Ltr) of 60 mm. Change
of straining length for each weld layer was measured using
digital Vernier caliper with least count of 0.001 mm. The
transverse shrinkage was measured in Side-A of double V
weld groove (Fig. 1). The schematic diagram of transverse
shrinkage measurement is shown in Fig. 3.2.3. Studies on weld joint characteristicsAfter welding, the samples were extracted for various
mechanical and metallurgical tests as per the AWS D1.2
standard. A metallography sample was prepared as per the
Fig. 3. Schematic diagram of measurement of transverse shrinkage.
Table 2
Effects of welding processes on transverse shrinkage generated
during welding.
Welding process Transverse shrinkage/mm
GMAW 4.1 ± 0.6
GTAW 2.9 ± 0.4
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reagent (100 mL of water, 4 g of KMnO4 and 1 g of NaOH).
The scanning electron microscope (SEM) was used to char-
acterize the various features of microstructures of weld joints.
The tensile and hardness across the weldment were test as per
the ASTM E8M and ASTM E370 standards, respectively. The
tensile and hardness tests were carried out at both the locations
of weld groove (Fig. 1). After tensile testing, the fractographs
of the tensile tested samples were obtained by SEM.
3. Results and discussionFig. 5. Typical macrostructures of joints.3.1. Study on base metalTypical microstructure of base metal is shown in Fig. 4. It is
observed from Fig. 4 that the copper rich phase is distributed
in the aluminium matrix. The copper rich phase significantly
contributes to the increase in ultimate tensile strength (UTS)
of around 402 MPa and the reduction in ductility of around 8%
in AA2219 aluminium alloy.3.2. Studies on weld joints
3.2.1. Transverse shrinkage
Effects of welding processes (GTAW and GMAW) on
measured transverse shrinkage generated during welding are
given in Table 2. The shrinkage occurs during welding due to
differential cooling followed by localized application of
heating. It is well known that the GTAW process generates low
heat input to the work piece than GMAW process. ThereforeFig. 4. Base metal microstructure.the use of GTAW process minimizes the transverse shrinkage
of around 30% in comparison to that of GMAW process.
3.2.2. Metallography
Typical macrographs of transverse sections of weld joints
of GMAW and GTAW processes are shown in Fig. 5. It is
observed that the macrographs are significantly different from
each other due to variation of amount of metal deposition per
pass in each welding process.
Typical changes in microstructures of GMAW and GTAW
deposits are shown in Fig. 6 (a) and (b) and Fig. 7 (a) and (b).
The microstructures reveal the presence of dendrite and reheat
refined regions in the multi-pass weld deposition. Minor var-
iations in microstructure of the multi-pass welds in Side-A and
Side-B were observed. However in comparison with GMAW
welds, the GTAW welds show finer dendritic microstructure
due to low heat input. The light areas represent copper and the
dark areas represent aluminium. From Fig. 6 (a) and (b) and
Fig. 7 (a) and (b), it is also observed that the partial copper rich
cellular (CRC) network is in both the welds for multi-pass
welding. However, the Side-A of both the welds shows a
fair CRC network. The weld structure contributes to the im-
provements in yield strength through the absence of aligned
CRC networks [10]. The distributed copper rich particles
probably act to strengthen the matrix of the weld. The EDS
analysis of the weld also indicates the presence of CuAl2 phase
in an aluminium matrix (Fig. 9 and Table 2). Similar obser-
vations in the case of electron beam welding of AA2219
aluminium alloy were reported by Gupta et al. [10].
Typical microstructures of HAZs of both the weldments
near fusion line are shown in Fig. 8. It is observed that the
copper rich phase (CRP) is not dissolved by using GTAW
process due to low thermal impact, however such a distributed
CRP is not observed in GMAW weldment.
Fig. 6. Typical microstructures of weld deposits on Side-A of joints.
Fig. 7. Typical microstructures of weld deposits on Side-B of joints.
265S. ARUNKUMAR et al. / Defence Technology 11 (2015) 262e268
Fig. 9. EDS results of AA2219 weldments.
Fig. 8. Typical microstructures of HAZs near to fusion lines of weldments.
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sented in Table 3.
Fig. 10 shows the XRD patterns of GTAW and GMAW
welds. It is clearly shows that all the peaks are corresponding
to the Al and small amount of intermetallic compounds like
Al2Cu is observed through the XRD pattern.Table 3
Chemical composition of weld deposits.
Weld deposit Chemical composition/wt%
Si Mn Mg Fe Cu Al
GMAW 0.11 0.79 0.34 0.10 6.06 Bal.
GTAW 0.02 0.93 0.35 0.19 6.24 Bal.
Fig. 10. XRD analysis of weld metal (GTAW and GMAW).
Table 4
Tensile strength of weld joints.
Weld joints Weld
locations
Ultimate tensile
strength/MPa
Remarks
GMAW Side-A 258 ± 3 Fracture at weld
Side-B 262 ± 4
GTAW Side-A 274 ± 4 Fracture at weld
Side-B 280 ± 4
267S. ARUNKUMAR et al. / Defence Technology 11 (2015) 262e2683.3. Mechanical propertiesFig. 12. Hardness distribution across the transverse section of weld joints.Effects of welding processes (GMAW and GTAW) on ul-
timate tensile strengths (UTSs) of both Side-A and Side-B of
weld joints are given in Table 4. It is observed that UTS of
GTAW weld joint is superior compared to that of GMAW weld
joint. The UTS is increased by around 11%. The improved
property achieved in GTAW process is primarily due to finer
dendritic microstructure in the weld deposit as explained
earlier. However, from the fractures of weld joints occurred at
the weld it can be seen that the weld joint has inferior UTS
compared to base metal (around 405 MPa). Typical fracto-
graphs of tensile tested samples are shown in Fig. 11. It is
observed that comparatively GTAW weld resulted in finer
dimples due to the presence of finer dendritic structure than
GMAW weld.
Hardness distribution across the weld joints under different
locations of double V-groove is in Fig. 12. It is observed that
the hardness value for both the weld deposits are lower than
those of base metal and heat affected zone irrespective of
change in weld locations due to cast structure. In addition, the
precipitation hardening may also contribute to higher hardness
in HAZ. However, it is interesting to notice that, because of
low heat input in GTAW process, HAZ of GTAW process
shown relatively low hardness value with GMAW's HAZ on
both the locations.4. Conclusions
The following conclusions are drawn from the present
investigation:Fig. 11. SEM fractograph of1) The transverse shrinkage generated in GTAW weld joint is
comparatively lower than that in GMAW weld joint.
2) From the EDS analysis, it is concluded that the use of
GTAW process reduces the severity of weld thermal cycle
in weld deposit and HAZ region.
3) The tensile strength of GTAW weld joint is higher than
that of the GMAW weld joint.
4) The hardness's of GTAWand GMAW welds are lesser than
those of the base metal and heat affected zone.
5) X-ray Diffraction patterns revealed that Al is the major
phases, and small amount of Al2Cu was observed.tensile tested samples.
268 S. ARUNKUMAR et al. / Defence Technology 11 (2015) 262e2686) From SEM fractograph, the finer dimples were observed in
GTAW tensile fractured sample.Acknowledgement
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